Introduction 1
Good soil structure is a most desirable soil characteristic for sustaining 2 agricultural productivity and for preserving environmental quality (Amézqueta, 1999) . 3
Stability of a soil's structure is its ability to retain a heterogeneous arrangement of solids 4 (aggregates) and void space that exists at a given time when exposed to different 5 external stresses. Letey et al. (2003) proposed soil organic matter (SOM) and water-6 stable aggregates as attributes of soil quality because they improve soil functions which 7 have beneficial effects on crop development or on avoiding environmental pollution. To 8 protect these functions it is necessary to evaluate and predict the behaviour of soils in 9 time and space, under a wide range of agricultural land uses (Pla, 2010) . 10
Gobin et al. (2011) in a recent EU report about SOM best management practices, 11
constraints and trade-offs pointed out the importance of continually supplying C in the 12 form of organic matter (OM) as a food source for microorganisms and to build up stable 13 C in soil that contributes to soil aggregate formation. However, the stability of soil 14 aggregates depends not only on the quantity of the OM added but also on the quality of 15 this OM (Tisdall and Oades, 1982) . 16 Soil aggregation has been conceptualized (Tisdall and Oades, 1982) as an 17 hierarchical system of three aggregate levels: macroaggregates (>0.25 mm) which break In Mediterranean dryland agricultural systems, soils are characterized by their 1 low SOM content and erratic rainfall (Beguería et al., 2011) enhances aggregate 2 breakdown. One of the main mechanisms of aggregate breakdown is the compression of 3 air entrapped inside aggregates during wetting (slaking). Slaking increases as the initial 4 moisture content decreases from saturation (Le Bissonnais, 1996) . Furthermore, in 5 dryland agriculture areas, water is the primary factor controlling crop productivity, so 6 any soil and crop management practices that can maintain a good structure, thus 7 enhancing water storage in soil void spaces and its availability to plants, will increase 8 yields (Bosch-Serra, 2010). Consequently, it is important to search for management 9 practices which can improve aggregation and SOM content. 10
As management practice, in Spain, fertilization with pig (Sus scrofa domesticus) 11 slurry (PS) is a feasible option for farmers, because slurry is easily available, minimizes 12 cost inputs and allows the closing of the nutrient cycles as well as being a good 13 environmental option. Pig slurry use has received attention as a nitrogen (N) fertilizer 14 source, but not much attention has been paid to its OM content, mainly because it is low 15 compared with that of farmyard manures. Pig slurry's C/N ratio ranges from 3.6 to 4.6 16 (Sánchez and Gónzalez, 2005 ; Yagüe et al., 2012) and for farmyard manure C/N can 17 range from 13 to 33 (Probert et al., 2005) . It is important to note that Spain produces 18 yearly around 26 million pigs (Eurostat, 2011) and a great part of PS is applied to cereal 19 crops. The Spanish area cropped with winter cereals is close to 5.5 million hectares; 20 around 90% of this surface is under rainfed conditions (MARM, 2010). 21
Physical fractionation of SOM using density separation may help to understand 22 soil organic matter dynamics based on turnover time. It separates newly incorporated, 23 partially decomposed debris named the "light fraction" (which includes free and 24 occluded organic C within aggregates) from a more decomposed organic matter (heavy 25 fraction), with a lower C:N ratio, which includes OM adsorbed on mineral surfaces or 1 sequestered within soil aggregates. The light fraction of SOM is sensitive to changes in 2 management practices (Bremer et al., 1994) and it is considered to represent an early 3 indicator for determining the long term impacts of management on soil quality (Leifeld 4 and Kögel-Knabner, 2005). On the other hand, soil microbial biomass (SMB) is another 5 component of SOM which reflects soil biological activity and its changes may also 6 precede other changes in chemical and physical properties. Carter (1992), in the context 7 of a humid climate, found a close correlation between soil microbial biomass and the 8 mean weight diameter of aggregates and Cambardella (2007) remarked that aggregate 9 formation occurs primarily in zones of high microbial activity because this is where the 10 humic substances are being produced. Within a framework of actual field conditions, the objectives of this study were: 19 (i) to evaluate soil macroaggregate stability in a soil where different fertilization 20 strategies (mineral or/and pig slurry application) were maintained during seven growing 21 seasons; (ii) to assess changes in soil organic matter physical fractions and the amount 22 of soil microbial biomass linked to several fertilization strategies; and (iii) to relate 23 macroaggregate stability properties to soil organic matter fractions. 24 2. Materials and methods 1 2.1. Soil and climate description 2
The experimental field (at depths of 0-30 cm), has a silty loam soil texture, an 3 average organic matter content of 2%, no salinity is present and average calcium 4 carbonate content is 30% (Table 1) . The soil is classified as a Typic Xerofluvent (Soil 5 Survey Staff, 1999). 6
The area has a semiarid climate with an annual average temperature of 12.6ºC 7 and high summer temperatures (average of maxima is 30.7ºC). Several fertilization strategies (with pig slurry or/and mineral fertilizer) were 21 included in a broad fertilization experiment aiming to find out the best strategy for 22 fertilizer recommendations as well as the long term effects on soil quality, productivity 23 and environment. They were arranged according to a randomised design with threeFrom them, seven fertilization strategies were selected plus a control (Table 2) . 1 Strategies were chosen according to maximum grain yields and the amount of OM 2 applied (using similar intervals) from PS of different origins (fattening pigs and sows). 3
Control treatment (0-0) and nitrogen mineral strategy (120 kg N ha -1 ) only received 4 phosphorus and potassium fertilization (96 kg P 2 O 5 ha -1 yr -1 and 107 kg K 2 O ha -1 yr -1 ) at 5 sowing, but in the control no nitrogen was applied and it was maintained throughout all 6 growing seasons. At sowing (October), four strategies received 30 t ha -1 yr -1 of slurry 7 from fattening pigs (FS) and the rest did not (Table 2) the Bernard calcimeter method. On the same day, separately, soil samples from plots of 21 the central block were taken at 0-10 cm depth with soil cores (7 cm in diameter with 22 steel bores). For each plot of every strategy, four points were sampled and a composite 23 sample was obtained. According to the requirements of different analyticalmethodologies, part of the composite sample was air-dried and stored and the rest was 1 maintained refrigerated. 2 Sampling was done two days before fertilization sidedressing (SideD), which 3 means that two strategies (0-60FS, 0-90SS) were sampled twelve months after the last 4 slurry application (Table 2 ) and four strategies (30FS-0, 30FS-60M, 30FS-20FS, 30FS-5 60SS) after three months. This allowed us to evaluate the influence of soil sampling 6 timing on the results of aggregate stability test. 7
Aggregate stability 8
Aggregate stability was measured in four subsamples of each treatment 9 according to the standard stability test for water-stable aggregates (WSA) proposed by 10
Kemper and Koch (1966), and later improved by Kemper and Rosenau (1986) but our 11 method include a modification which was to avoid sample pre-wetting (WSA MOD ). The 12 standard WSA test is a single-sieve (0.25 mm) method and it includes wetting the air-13 dried sample (Wi) by vapour until saturation (slow wetting), wet-sieving, dispersing the 14 "aggregate stable-mass" (Wsa) and discounting the "sand-mass" (Wsand). The water-15 stable aggregates (WSA) as a mass percentage is calculated by Eq. 1: 16
This procedure is based on the application of low energy stress. As slow pre-18 wetting avoids slaking of aggregates (destabilizing effect of entrapped air), the measure 19 of stability is related to differential swelling (microcracking of aggregates). However, 20 from the agronomic and environmental point of view, slow wetting (associated with 21 gentle rainfall) is of little importance in semiarid Mediterranean areas. 22
In order to expose aggregates to a more disruptive breakdown mechanism 23 (slaking owing to the fast wetting of dry aggregates), in the modified test (WSA MOD ),four grams of 1-2 mm air-dried sample (Wi) were directly placed on a 0.25 mm opening 1 sieve and transferred to a Yoder apparatus for disaggregation without pre-wetting (no 2 vapour saturation wetting). The rest of the procedure was similar to the standard WSA 3 test. 4
Other different stability tests were used (data not shown) but were discarded 5 because the associated gentle treatments (i.e. disaggregation measurement in ethanol) 6 prevented us from finding differences between fertilization strategies. 7
Soil organic matter physical fractionation 8
The carbon content of the SOM physical fractions was analysed in five fraction 
Statistical analysis 19
In the statistical analysis significance is indicated by probability (p) levels. 20
Values of p, higher than 0.05, are considered non-significant (NS (Table 4) . After the slaking occurrence in a dry soil, and allowing for our clay 13 content (260 g kg -1 ), it is expected to find around a 20% (w/w) of soil aggregates >200 14 µm (Le Bissonnais, 1996) . This value corresponds to WSA average value from the 15 control treatment (21.18%; > 250 µm) and it is explained by the resistance of clay bonds 16 between skeleton grains. As the amount of light OM in the system increases (Fig.2) , 17 WSA tend to increase (Table 4) The total soil organic carbon content obtained as a sum of different fractions 7 ranged from 1.37 to 1.90 g C 100 g soil -1 (Fig. 2) . These values (due to processing 8 limitations, data of 30FS-20FS are not shown) were positively associated to total 9 oxidizable organic carbon obtained by dichromate and a significant relationship (r=0.91, 10 p<0.01; data not shown) was found. 11
Total organic carbon did not show significant differences associated with 12 fertilization strategies, probably due to the low amount of added OM (Table 2) . Mediterranean agricultural systems as it can be linked to the sustainable fertility of the 22 system. 23
In the control treatment (0-0), the highest relative percentage of soil organic 24 carbon content obtained in the fraction lower than 0.05 mm size can be observed . ThisSOM fraction is the oldest, the most stable carbon and for agricultural soils in temperate 1 areas, could be more than 50 years old. The predominance of the oldest fraction or the 2 reduction of the 0.05-0.2 mm SOM light fraction cannot be observed in the mineral 3 treatment (0-120M) because it produced higher biomass (47%) than the control during 4 this period of seven growing seasons (Table 2) , which means that more roots and a 5 higher amount of stubble have remained in the field. 6
Soil microbial biomass shows significant differences (p<0.01) between 7 treatments with the lowest value in the control (0-0) and a tendency to increase when 8 slurry has been added (Fig. 3) . This fact can be firstly explained by PS addition, which 9 induces a reactivation of soil microbial growth and activity (Hernández et al., 2007) 10 associated with the decomposition of the labile fraction of its carbon content (Rochette 11 et al., 2000) and secondly, by a higher stubble incorporation (Table 2) We observed a significant relationship (Fig. 4) From the relationship (Fig. 4) it can be observed that treatments which received 20 sow slurry at tillering achieve lower values of stability (WSA) for a given value of 21 SOM light fraction (0.05-2 mm). This aspect requires further research on the nature of 22 this fraction as it may also contain a different portion of microbial biomass and some 23 humified organic matter associated with the slurry type.
Although soil microbial biomass can represent a significant proportion of the SOM light 1 fraction (Gregorich and Janzen, 1996), in our case it has not been possible to establish a 2 relationship with aggregate stability, probably because its influence is less clear in 3
Conclusions 6
The results of this study showed that pig slurry applied over soils increased soil 7 aggregate stability, when using a test method (WSA MOD ) which allowed us to assess the 8 destabilizing effect of entrapped air after a fast wetting of dry aggregates. The use of the 9 WSA MOD test is recommended for such evaluation since it compares most realistically 10 the field conditions experienced in dryland agricultural systems. 11
Slurry applications within the ranges of common agronomic recommendations 12 lead to an increase of soil organic matter. This fact is mainly associated with the rise of 13 its light fraction (from 0.05 to 2 mm) which has a positive and significant linear 14 relationship with water-aggregate stability values when the WSA MOD test is used. 15
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